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A Non-Radioactive Enzymatic Photometric Assay for Glucose Uptake in
Insulin-Responsive 3T3-L1 Adipocytes
Qin Zhao, Jinfang Liao, Zhenjun Diwu.
AAT Bioquest, Inc., Sunnyvale, CA, USA.
Glucose transport systems are responsible for transporting glucose across cell
surface membranes. The rate of glucose uptake in cells is tightly regulated
by factors including insulin. For example, increased glucose uptake may relate
to high rate of proliferation in cancer cells. Screening for glucose uptake inhib-
itor is a new way to search for cancer treatments. Monitoring uptake of glucose
has been dominated by a traditional radioactive measurement, which is costly
and time consuming, and requires a special handling procedure.
We have developed an enzymatic photometric high throughput assay for 2-DG
uptake detection, and the entire process from cell culture to glucose uptake
evaluation could be completed in a single microplate well. In this assay,
2-Deoxy glucose (2-DG) were taken up by 3T3-L1 adipocytes upon insulin
stimulation, and metabolized to a non-metabolizable metabolite 2-deoxy
glucose-6-phosphate (2-DG6P). The amount of the accumulated 2-DG6P
which can be enzymatically coupled to generate NADPH is proportional to
the glucose uptake. The amount of NADPH, is monitored by a fluorogenic
NADPH sensor at Ex/Em = 540 nm/590 nm. The assay can detect as low as
0.3 mM 2-DG6P in solution. We have demonstrated the insulin stimulated
2-DG uptake of 3T3-L1 adipocytes were more than 3 folds increase compared
to that of fibroblasts. The glucose uptake effect is completely blocked by
glucose transporter inhibitor (e.g., phloretin).
In summary, this new non-radioactive enzymatic assay is very efficient (takes
about 2~3 hours in a 96-well microplate format), safe and promising. It can be
used for the high throughput screening of glucose uptake regulators and
inhibitors.
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Function Unknown Number 26 (Fun26) Protein from Saccharomyces
Cerevisiae is a Nucleoside Selective Integral Membrane Transporter
Rebba C. Boswell-Casteel, Jennifer M. Johnson, Kelli D. Duggan,
Franklin A. Hays.
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Nucleoside transporters are polytopic integral membrane proteins (IMPs) that
modulate a wide array of eukaryotic physiology by regulating plasmalemmal
flux of purine and pyrimidine nucleosides. These transporters exhibit broad
substrate selectivity and specificity across different isoforms and utilize diverse
mechanisms to drive substrate flux across membranes. In addition, nucleoside
transporters serve as molecular targets for therapeutics designed to inhibit
nucleoside flux across membranes (e.g., adenosine reuptake inhibitors) and
are the primary means by which nucleoside analog therapeutics (e.g., gemcita-
bine) are able to enter eukaryotic cells. The current studies are focused on
developing functional assays for purified eukaryotic nucleoside transporters
as a foundation for defining the molecular basis for how therapeutics interact
with this class of integral membrane proteins.
Function Unknown Number 26 (FUN26) is a yeast ortholog of the human equi-
librative nucleoside transporter (ENT) family. FUN26 was expressed and puri-
fied to homogeneity and incorporated into proteoliposomes for functional
analysis. Our results demonstrate that FUN26 is: 1) functional in purified
form using a defined proteoliposome system, 2) a nucleoside selective bidirec-
tional transporter, 3) selective for purine over pyrimidine nucleosides, 4) sen-
sitive to transport inhibition by known ENT chemotherapeutic substrates, and
5) sensitive to changes in the 2’ position of nucleoside substrates. This study
provides the first demonstration of functional activity of a purified eukaryotic
equilibrative nucleoside transporter in a defined proteoliposome system.
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Limitation of Light Driven Proton Pumps at High Electrochemical Load
Arend Vogt, Jonas Wietek, Peter Hegemann.
Humboldt Universita¨t zu Berlin, Berlin, Germany.
All known light-driven ion pumps are microbial type rhodopsins that transport
protons, sodium or chloride across the plasma membrane. Bacteriorhodopsin
(BR) from Halobacterium salinarum is the most widely studied representative
that has been investigated mainly by spectroscopic and structural methods.
Recently light-driven pumps have been employed in optogenetics for silencing
of neuronal activity and for voltage sensing (Arch3) and thus received new
attention. Surprisingly, the knowledge about the electrophysiological proper-
ties of ion pumps in living cells is still poor. The voltage dependence and the
limitation of the pumping activity at high electrochemical load, i.e. negative
voltage and low pH, are unknown for most light-driven transporters. We will
present experiments on rhodopsins from the alga Chlorella vulgaris (CvRh)and the proteorhodopsin-like pump from cyanobacterium Gloeobacter viola-
ceus (GR). Both exhibit in comparison to BR much larger photocurrents in
two-microelectrode voltage-clamp measurements (TEVC) on Xenopus leavis
oocytes. We identified the reprotonating E132 in GR (D96 in BR) as the posi-
tion that mediates high photocycle kinetics but is also responsible for the leak-
iness of proteorhodopsins at high load. Moreover, the proton shuttle R83 in
CvRh (R82 in BR) was discovered as a critical residue in the proton release
complex whereas the residues E193 and E203 (194 and 204 in BR) are of minor
relevance. Replacement of R83 by Q drastically reduced the power of the pump
and caused outward directed pumping at neutral pH but inward directed passive
currents at high load. We identified the proton donor Glu (or Asp) that reprot-
onates the retinal Schiff base and the proton shuttle Arg that transports the pro-
ton from the Retinal Schiff base counter ion (D85 in BR) to the extracellular
side as the key determinants for the directivity and the power of the pumps.
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Photoactivity of the Lysenin Protein
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Lysenin is a 297-residue polypeptide found in the coelomic fluid of the earth-
worm E. foetida. It exists as a soluble form in an aqueous environment, and
self-inserts into sphingomyelin-containing membranes to form a hexameric
channel. This protein demonstrates several remarkable phenomena, including
voltage and ligand gating and electrical hysteresis. One of the most striking fea-
tures of lysenin, however, is that we have observed it to exhibit a photoactivity,
specifically a non-transient ionic current upon irradiation. This unique behavior
will be discussed, with regards to evolutionary purpose and structural incongru-
ity with the already heavily studied bacteriorhodopsin class of proteins. This
presentation will focus on preliminary measurements, which have been focused
on confirming that the source of the photoactivity is indeed the protein, running
an activity spectrum, quantifying the induced potential and investigating the
relevant timescale. Recombinant protein photoactivity will also be discussed,
as will plans for future investigation and the potential applications of lysenin.
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Aa3 Cytochrome C Oxidases
Ana Sofia F. Oliveira, Joao M. Damas, Anto´nio M. Baptista,
Cla´udio M. Soares.
ITQB-UNL, Oeiras, Portugal.
Cytochrome c oxidases (CCOX) are members of the heme-copper oxidase su-
perfamily and they are the terminal enzymes of the respiratory chain. These
proteins are membrane-bound multi-subunit redox-driven proton pumps, which
couple the reduction of molecular dioxygen to water with the creation of a
transmembrane electrochemical proton gradient.
Over the last 20 years, most of the CCOX research focused on the mechanisms
and energetics of reduction and/or proton pumping and little emphasis has been
given to the pathways used by dioxygen to reach the binuclear site. The main
objective of this work is to identify possible alternative dioxygen pathways in
the reduced CCOX from Rhodobacter sphaeroides [1] using extensive Molec-
ular Dynamics (MD) simulations. Our simulations allowed the identification of
two possible dioxygen channels, whose entrances are both located in the mem-
brane region. The first channel is a Y-shaped hydrophobic cavity with a
constriction point near F282(I) and W172(I), and it corresponds to the oxygen
pathway previously identified in the X-ray structure [2]. The second channel
follows the hydroxylfarnesyl tail of haem a3 and ends near the Y288(I) (which
is covalently linked to the H284(I) imidazole group).
[1] Qin et al. (2009) Biochemistry 48, 5121-5130.
[2] Svensson-EK et al. (2002) J.Mol.Biol.321, 329-339.
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Crystal Structure of Synechocystis Mutants and Plant Photosystem I
Nathan Nelson, Yuval Mazor, Hila Toporik, Anna Borovikova,
Ilanit Greenberg, Daniel Nataf.
Tel Aviv University, Tel Aviv, Israel.
Plant Photosystem I (PSI) is one of the most intricate membrane complexes in
Nature. It comprises two loosely bound reaction center and light-harvesting
(LHC) complexes containing 18 subunits 174 chlorophylls, 32 carotenoids 2
